Domestic chickens have long been important to human societies for food, religion, entertainment, and decorative uses, yet the origins and phylogeography of chickens through Asia remain uncertain. In this study, the complete mitochondrial (mtDNA) D-loop sequences were analyzed for a total of 27 individuals of Cambodia (n＝13), Myanmar (n＝6), Bangladesh (n＝3) Red junglefowls (RJFs) and Laos native chickens (n＝5). Sequences of mtDNA D-loop of these chickens were compared with 67 D-loop chicken sequences annotated in the GenBank; White Leghorn, RJFs and other Asiatic chickens to identify the phylogenetic relationship within and among Cambodia, Myanmar, Bangladesh RJFs and Laos native chickens for the conservation and improvement of chicken genetic resources. The nucleotide variation of sequence among 23 haplotypes for within and among populations of Cambodia RJFs, Myanmar RJFs, Bangladesh RJFs and Laos native chickens supported the phenotypic variation of individuals of the populations. The 38, 28, 24 and 23 sites of single nucleotide polymorphism (SNP) in Cambodia, Myanmar, Bangladesh RJFs and Laos native chickens, respectively were observed. All RJFs and Laos native chickens have nucleotide insertion in mtDNA D-loop region comparing with White Leghorn. A phylogenetic tree was constructed using the nucleotide sequences of the complete mtDNA D-loop region of the 28 RJFs, 25 other chicken breeds and the 41 chicken haplotypes. Phylogenetic analysis showed total of 94 individuals those were separated into 8 clades. The phylogenetic analysis showed the close genetic relationship within and between the populations of each country. The genetic information from this study is the initial investigation using these populations in Myanmar, Cambodia, Bangladesh and Laos which may be useful in developing future strategies for conservation and improvement of valuable genetic resource.
Introduction
Chickens are classified as: Galliformes, Phasianidae, Gallus (junglefowl). Domestication resulted the basic changes in behavior, physiology and production of birds, but still there are some similarities between the ancestor and the current chickens (Al-Nasser et al., 2007) . It is widely accepted the currently recognized populations of domestic chicken descend from a single ancestor; the Red junglefowl (Gallus gallus; RJF) (Hashiguchi et al., 1981; Okada et al., 1984; Yamashita et al., 1994) .
One of the first attempts to look for the genealogical origin of the present domestic chicken at mitochondrial DNA (mtDNA) level was undertaken by Akishinonomiya et al. (1994 Akishinonomiya et al. ( , 1996 . They established the theory of monophyletic origin of the domestic chicken that descended mainly from RJF subspecies of Southeast Asia. This result was supported by the analysis of microsatellite DNAs (Hillel et al., 2003) and single nucleotide polymorphism (SNP) genotypes in a wide range of distant chicken populations (Twito et al., 2007) . In addition, SNP analysis at chicken lysozyme gene for species of genus Gallus and different domestic chickens revealed more closer relationship of RJF with domestic chickens than that of other fowl species (Downing et al., 2010) . Moiseyeva et al. (2003) reported the similar morphological and biochemical traits of RJF and egg type Mediterranean roots and true Bantams.
In respect of monophyletic theory, Akishinonomiya et al. (1996) analyzed the sequences of mtDNA D-loop region to determine the origin of domestic chicken which is originated from a single domestication event of RJF in Thailand and its neighbors. The neighbor joining tree depicted Chinese-egg type breeds are genetically close to RJF (G. g. gallus) . In addition, G. g. gallus and G. g. spadiceus should belong to one subspecies (continental populations), while G. g. bankiva, an island population, formed a separate cluster .
On the other hand, Nishibori et al. (2005) developed the polyphyletic theory based on the sequences of whole mtDNA, and two nuclear genomic-segments of genus Gallus. They observed inter-species hybridization between RJF and Grey junglefowl (GyJF). In accordance with the theory of polyphyletic origin of chicken, Eriksson et al. (2008) estimated SNPs in the beta-carotene dioxygenase 2 gene causing yellow skin in many chickens which are originated from RJF but most likely from GyJF. Moreover, the Sri-Lankan indigenous chicken showed higher mtDNA D-loop region haplotypic similarity with RJF and GyJF than that of Ceylon junglefowl (CJF) (Silva et al., 2009 ). In addition, there are several opinions prevail on the geography of domestication. Domestic chickens are now found worldwide and used for various purposes. It is believed that domestic chickens are originated from the Indus Valley in around 2,000 B.C. (Zeuner, 1963) . However, recent archaeological evidence shows that earlier domestication arose in the mainland of China in around 6,000 B.C. (West and Zhou, 1989) .
The captured wild RJFs in Thailand and Philippine crossed with native chicken in order to use for cock fighting and as a source of game bird for enjoyment (Nishida et al., 2000) . Nowadays RJFs are hybridizing with native chickens to produce meat for human consumption. Therefore, it is necessary to estimate genetic interrelationship among RJFs existed in Asiatic countries.
The nucleotide sequence of mtDNA D-loop region is an important tool to find out the origin and genetic diversity of domestic animals (Beja-Pereira et al., 2006; Amills et al., 2008) , and to investigate the origin and phylogeny of fowls as a genetic information of the ancestry that descended from female fowls as maternal inheritance.
A number of studies have investigated the origin and dispersion of domestic chickens (Crawford, 1990; Mwacharo et al., 2013) . Akishinonomiya et al. (1996) reported that the present domestic chickens have originated from Gallus gallus gallus in Thailand and adjacent regions. Several studies investigated that the domestication of chickens occurred in Southeast Asia, South China and Indian subcontinent (Liu et al., 2006a; Oka et al., 2007; Muchadeyi et al., 2008; Mwacharo et al., 2011; Miao et al., 2013) .
Partial mtDNA D-loop nucleotide sequences provide less information than complete mtDNA D-loop nucleotide sequences reported by several authors (Akishinonomiya et al., 1994 (Akishinonomiya et al., , 1996 Fu et al., 2002; Komiyama et al., 2003 Komiyama et al., , 2004 Liu et al., 2006a Liu et al., , 2006b Zhou et al., 2010; Storey et al., 2012) . Oka et al. (2007) analyzed the complete mtDNA Dloop region of Japanese native chickens to clarify their phylogenetic relationships, maternal origin, and routes of introduction into Japan. They identified seven haplogroups and reported that Chinese and Korean chickens were derived from Southeast Asia, and they formed a foundation stock of Japanese native chickens.
Therefore, in the present study, a complete mtDNA Dloop sequences were determined employing the samples of RJFs collected from Cambodia, Myanmar, Bangladesh, and native chickens from Laos to identify the phylogenetic relationship within and among chicken populations for the conservation and improvement of chicken genetic resources.
Materials and Methods

Sampling
Twenty-two blood samples from a periphery of RJFs: G. gallus (13 from Cambodia, 6 from Myanmar and 3 from Bangladesh) and five of indigenous chicken of Laos were collected (Table 1) .
mtDNA Amplification and Sequencing
Genomic DNA was extracted from the blood samples following the protocol described by Green and Sambrook (2012) . mtDNA fragments were specifically amplified from mitochondrial genome by using an LA PCR kit (KOD-FX polymerase, TOYOBO, Osaka, Japan) with chicken DNA as a template and LA-PCR primer sets, following the procedure described by Nishibori et al. (2001) . The LA-PCR was conducted at 94℃ for 2 min, followed by 40 cycles consisting of 10 sec denaturation at 98℃, and 8.5 min annealing and extension at 68℃, using a GeneAmp PCR System 9700 (Applied Biosystems, Foster City, CA). Amplified fragments with about 5 kilobase pairs (kbp) were then isolated through agarose gel electrophoresis as described by Nishibori et al. (2001) , and then used for segmental amplification of the complete mtDNA D-loop region with Gal1F/R primer sets: 5′ -AGGACTACGGCTTGAAAAGCCATTG-3′ and 5′ -GCTGAGTACCCGTGGGGGTGTGGCT-3′ (Nishibori et al., 2001) . The PCR products were electrophoresed on a 1.0% agarose gel, and visualized by staining with ethidium bromide via ultraviolet transilluminator. The DNA fragments obtained through segmental amplification, were sequenced using ExoSAP-IT TM (Amersham Biosciences, Buckinghamshire, England) and an ABI Prism ® BigDye ® Terminator v 3.1 Cycle Sequencing Kit (Applied Biosystems). The two PCR primers and two internal primers: GalF1-2 5′ -TCCACCTCACGAGAGATCAGCAACCC-3′ and GalR1-2 (Gal1RR) 5′ -TTTGGTAGTGGAGTTTCTC-TAATAA -3′ (Nishibori et al., 2001) , were used for the sequencing reactions. Labeled mtDNA D-loop DNA fragments were analysed on a Model 3130x1 genetic analyzer (Applied Biosystems). Nucleotide sequences were assembled using AutoAssembler ver. 3.0 software (Applied Biosystems).
To estimate the phylogenetic relationship within and among the populations, the complete mtDNA D-loop sequences determined in the present study were processed together with those of chicken sequences taken from DNA data bank (DDBJ/EMBL/GenBank accession numbers presented in Table 8 ). The 41 haplotypes of the complete Osman and Nishibori: Phylogenetic Analysis of Asian Chickens mtDNA D-loop region sequences (A01-A10, B01-B08, C01-C08, D01-D09, E01-E04, F01-F02; accession nos. AB-268506-AB268545) described in Table 2 by Oka et al. (2007) were included in the present study. The range of sample size in each breed was 2 (Silkie fowl) to 31 (Shamo).
Data Analysis
The mtDNA D-loop fragment on the first 1,232 bp length was used for analysis in the present study. Sequence data were obtained after being edited from complete mtDNA Dloop sequence. Sequence data were analyzed using two kinds of computer softwares: GPROF software (ver. 2.0; Software Development Inc. Tokyo, Japan), GENETYX program package (ver.11; Software Development Inc.). All mtDNA D-loop sequences were aligned using Clustalx package (ver. 2.0) (Thompson et al., 1997) and truncated to 1,232 bp. The analysis performed using 94 nucleotide sequences. The positions containing gaps and missing data eliminated from the analyses. Identical sequences were considered as the same haplotype. An unrooted neighborjoining (NJ) tree (Saitou and Nei, 1987) of all the haplotypes was constructed using Kimura 2-parameter model (Kimura, 1980) using Clustalx package. Bootstrap values were estimated with 1,000 repetitions.
Results
mtDNA D-loop Sequence Variation of CamRJFs, MyaRJFs, BanRJFs and LaoNCs
The nucleotide sequence variations among mtDNA Dloop sequences of Cambodia RJFs (CamRJFs), Myanmar RJFs (MyaRJFs), Bangladesh RJFs (BanRJFs), Laos native chickens (LaoNCs) and database sequences are shown in Table 2 .
The nucleotide sequences of the complete mtDNA D-loop regions of 13 CamRJFs, 6 MyaRJFs, 3 BanRJFs, and 5 LaoNCs were determined (Tables 3, 4 , 5 and 6, respectively). The 38 SNP sites in the CamRJFs were in transitions except at one site (317; nucleotide position in AP003317) with 2 positions of single nucleotide insertion (Table 3 ). In case of MyaRJFs, 28 SNP sites were in transitions except at one site (317), with position of single nucleotide insertion (Table 4 ). The 24 SNP sites in BanRJFs were in transitions except at one site of single nucleotide insertion (Table 5) . Finally, in LaoNCs, 23 SNP sites were in transitions except at one site of single nucleotide insertion (Table 6 ).
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Phylogenetic Analysis of CamRJFs, MyaRJFs, BanRJFs and LaoNCs and Reference Chickens from GenBank
A phylogenetic tree ( Fig. 1) was constructed using the nucleotide sequences of complete mtDNA D-loop region of the 28 RJFs, 25 other chickens populations and the 41 haplotypes described in Table 2 . They formed 8 clades (Fig.  1) . The phylogenetic distributions of the CamRJFs, MyaRJFs and BanRJFs, LaoNCs, and other chicken breeds, and 41 haplotypes from the study of Oka et al. (2007) are shown in Tables 7 and 8 . The CamRJFs, MyaRJFs, BanRJFs and LaoNCs are distributed in 4, 3, 2 and 3 clades, respectively ( Table 7) . The RJFs (published data, Table 7 ) and other chicken breeds are distributed in 2 or 4 clades. Shamo and Chabo are distributed in 4 clades. On the other hand, Gifu-Jidori, Tosa-Jidori, Hinai-dori, Uzura-Chabo, Kurokashiwa, Jitokko, Kawachi-Yakko, Nagoya, White Plymouth Rock and New Hampshire Red are distributed in one clade. Finally, Silkie fowls are distributed in five clades.
Discussion
mtDNA D-loop Sequence Variation of CamRJFs, MyaRJFs, BanRJFs and LaoNCs
With the exception of transverse position of nucleotides at 986 bp in case of Myanmar native chicken from Mawlamyne district (Table 1) , the Sequence variation of CamRJFs, MyaRJFs, BanRJFs and LaoNCs in the present study was in agreement with the finding of Nishibori et al. (2004) . Nucleotide sequence variation showed 9 haplotypes in CamRJFs, 6 haplotypes in MyaRJFs, 3 haplotypes in BanRJFs and 5 haplotypes in LaoNCs which was corroborated with Nishibori et al. (2002) and Islam and Nishibori (2012) . Nishibori et al. (2002) reported that LaoNCs had low genetic variability based on mtDNA D-loop sequences. Islam and Nishibori (2012) reported 16 haplotypes in Bangladesh native chickens and BanRJFs which were grouped into 6 clades. Adebambo et al. (2009) found 16 haplotypes in Nigerian indigenous and Anaktitan chickens which were grouped under one clade 4. That partially supported the present study. They found 97.32% sequence variation of haplotypes within populations, and 2. 68% variation between populations. Domain 1 of the mtDNA D-loop region is considered to have not been under evolutionary selective pressure (Baker and Marshall, 1997) . Domain I of mtDNA D-loop region had 32, 21, 20, 17 nucleotide substitutions in CamRJFs, MyaRJFs, BanRJFs and LaoNCs, respectively (positions from 21 to 447). The results of the current study was consistent with the previous reports where Domains I and III largely varied comparing with Domain II (Baker and Marshall, 1997; Nishibori et al., 2004; Rowshan et al., 2011) .
Phylogenetic Analysis of CamRJFs, MyaRJFs, BanRJFs and LaoNCs and Reference Chickens from GenBank
All individuals in the phylogenetic tree were grouped into 8 clades. The experimental individuals of CamRJFs, MyaRJFs, BanRJFs and LaoNCs were observed in 4, 3, 2 and 3 clades, respectively.
CamRJFs
The CamRJFs are observed mainly in 2 clades (Fig. 1) (Fig. 1) . These results suggest that two RJFs may be derived from the neighbors (Nishibori et al., 2004) . The two types of RJF populations exist in Myanmar, one is unique only in Myanmar and the other one is originated from neighbors.
BanRJFs
The position of BanRJFs 1 and 3 in Clade C is grouped with RJFs of Indonesia, Philippine and other domestic chickens. The other BanRJF2 was grouped with CamRJFs in Clade G. These results suggested that two types of RJF populations exist in Bangladesh, one is an unique in Bangladesh and the other is originated from neighbor countries. Islam and Nishibori (2012) reported that some individuals of Bangladesh chicken populations have a relationship with Japanese native and silky chickens, and also with South East Asian populations of China, Cambodia, Laos, Vietnam, Thailand and Indonesia. Srisulandari et al. (2008) reported the five distinct clades within Indonesian native chickens. Also they reported 67. 85 % sequence variation within population, and 32.15 % between populations whose shared the multiple maternal origins under the same maternal ancestor that supported the present findings.
LaoNCs
The LaoNCs are distributed in three clades; Clades A, B and E which are in agreement with Nishibori et al. (2002) . They studied the phylogenetic relationship among LaoNCs and its neighbors and RJFs and found that two major groups of LaoNCs, such as border areas (Bokeo and Champassack) and urban areas (Vientiane, Xieugkhouang, Borikhamxay and Luang Namtha). The LaoNCs showed a close relationship with neighboring Asiatic countries populations like India, China, Cambodia, Thailand, Vietnam and Indonesia, which supported the findings of Oka et al. (2007) C .
(2010) showed the origin of Dutch fancy and commercial chicken from the Indian sub-continent. Silva et al. (2009) found the genetic relationship of Sri-Lankan native chickens with RJFs which originated from China, Cambodia, Laos, Vietnam and Thailand of South East Asia. Dorji et al. (2012) reported that Bhutanese native chickens should be classified as being genetically close to Southeast Asian domestic chickens. They also showed that Bhutanese native chickens and Thai native chickens were related to G. g. spadiceus, and the red earlobed RJF. Islam and Nishibori (2012) studied the phylogenetic relationship between two populations of Bangladesh native chickens (full feathered and naked neck breeds) and BanRJF. Pham et al. (2013) studied the genetic diversity of Vietnamese domestic chicken populations and found that Vietnamese local chickens exhibited a higher diversity than the chicken populations of Chinese origin.
In conclusion, the results of the present study reveal that mtDNA especially complete mtDNA D-loop region is an important and powerful molecular tool for genetic information showing phylogenetic relationship, genetic distance and variability within and among populations. The haplotype .
variation within and among Myanmar, Cambodia and Bangladesh RJFs and LaoNC populations represents the phenotypic variation within and between the populations. The phylogenetic analysis showed the close genetic relationship within and between the populations of each country. The genetic information from this study is the initial investigation using these populations in Myanmar, Cambodia, Bangladesh and Laos that may be helpful in developing future strategies for the characterization, conservation and improvement of valuable genetic resource. However, this study suggests doing more research using these genetic resources to answer different questions relevant towards the point of domestication of the recent chicken breeds. Understanding the complex origin of domestic populations is a vital importance for identifying, preserving and exploiting genetic diversity.
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